ABSTRACT.-Agricultural fields are often overlooked as post-breeding and migratory bird habitat, even though many species use row-crop fields in the northern Great Plains. We monitored bird use, crop and non-crop vegetation characteristics and abundance, and land use around (#2.4 km) 35 8-ha Wildlife Conservation Sunflower Plots (WCSP) and one commercial sunflower and non-sunflower row-crop field, paired with each WCSP, in fall 2004 and 2005. We excluded four species of blackbirds from our analysis that commonly form large foraging flocks and ubiquitously use agricultural fields. A diverse community of migratory birds used WCSP and commercial sunflower compared to other non-sunflower crops in North Dakota. Both WCSP (mean 5 24.4 birds/ha, SE 5 2.7) and commercial sunflower (mean 5 12.7 birds/ha, SE 5 1.7) harbored greater densities of birds (P , 0.01) than did other non-sunflower row crops (mean 5 7.2 birds/ha, SE 5 1.1). Migratory birds were more strongly associated with vegetation within fields, such as crop density (+), non-crop plant abundance (+) and crop height (+), than surrounding land uses (0-2.4 km from WCSP). We recommend management practices to maximize WCSP for fall bird habitat and discuss economic considerations for WCSP implementation as a wildlife habitat / blackbird damage management system.
INTRODUCTION
Agricultural crops provide habitat for migratory birds in the northern Great Plains (NGP) of North America during and before migration periods. Extensive cultivation of crops has fragmented .50% of prairies in the NGP and likely influenced bird communities in the region (Peterjohn, 2003; Lubowski et al., 2006) . Few studies have examined migratory bird use of croplands in North America, especially during non-breeding periods, even though croplands represent the third-largest land use (19.5%) in the United States (Lubowski et al., 2006) .
Birds migrating during fall likely select staging habitat hierarchically based on foraging and energy demands of migration, landscape composition and weather (Johnson, 1980; Kolasa, 1989; Kotliar and Wiens, 1990; Bergin, 1992; Moore and Simons, 1992; Moore and Aborn, 2000) . Croplands may be selected based on patch quality detectable from proximate cues or composition of habitat complexes (Best et al., 1990 (Best et al., , 1998 Flather and Sauer, 1996;  WCSP in the NGP so that agricultural producers, conservation planners and habitat managers can collectively improve migratory bird habitat while retaining productive agricultural practices. Sites were located at least 4.5 km apart and the study area encompassed ,60,000 km 2 . Rowcrop agriculture (canola, flax, lentils, oats, soybeans, sunflower and wheat), grasslands, shelterbelts and wetlands are the most common pre-migratory and stopover habitats available to birds in this region (Stewart, 1975; USDA, 2008) . Approximately 400,000 ha of sunflower are planted annually in North Dakota (USDA, 2008) , more than any other state. Sunflower is an important commodity in this region due to local processing and refining infrastructure.
METHODS

FIELD METHODS
We surveyed 14 WCSP and paired fields from 24 Aug.-19 Oct. 2004 three times at 2 wk intervals and 21 WCSP and paired fields from 10 Aug.-28 Oct. 2005 two times at 4 wk intervals. We conducted fixed radius (50 m) bird point counts and vegetation measurements at one site (1 WCSP [mean 5 8.0 ha, SE 5 0.1] and one nearby, randomly selected commercial sunflower [mean 5 33.7 ha, SE 5 2.9] and non-sunflower row-crop field [mean 5 26.9 ha, SE 5 2.3]) per day. We selected commercial fields where bird disturbance and blackbird harassment effort from producers appeared to be minimal. We used aerial photographs and ground surveys to measure field dimensions and divided all fields into square 1-ha units prior to bird and vegetation surveys. We overlaid a square 1-ha grid pattern over the aerial imagery of each field and selected locations for the bird point counts and subsequent vegetation surveys. As field sizes varied (8-90 ha), we randomly selected 15% of the total ha in each field, during each survey round, for bird point counts with a minimum of 2 point counts per field. Given large field sizes, 15% was typically the maximum area one observer could survey in one day. We chose a conservative count distance of 50 m as habitat structure and consequently species detectability varied across field-types (Cunningham and Johnson, 2006) and long-distance point counts can result in considerable error in abundance estimates (Efford and Dawson, 2009 ). We did not count birds in adjacent ha to reduce the chance of double-counting and used the same commercial sunflower and nonsunflower row-crop fields during each survey round. We randomly selected the order of fields for bird surveys each time we visited a site.
We used distance sampling methods where one observer estimated and recorded distance to each bird seen flying or perching 0-50 m from the center of each ha beginning 30 min after sunrise. We waited 3 min after arriving at the center of each survey ha and then conducted an 8 min visual bird survey. A 2 m step-ladder was used in tall crops (e.g., sunflower and corn) to aid bird observations. One observer conducted all counts in 2004, and two observers conducted all counts in 2005. In 2005, one observer completed all surveys for a given site during a given survey round, individually and observers periodically practiced bird identification and distance estimation together prior to point counts to increase accuracy and precision of data collection. We did not conduct surveys in dense fog, when raining or snowing, or when winds exceeded 20 kph (Ribic et al., 2009a) .
Bird surveys were usually completed in all fields prior to 1000 (CDT). After completion, we returned to each previous bird-survey ha and measured vegetation characteristics in two, randomly selected 1-m 2 subplots per bird-survey ha. Measurements included crop density (number of crop plants), vertical obstruction (measured with a 15 cm 3 2 m density board placed in the middle of the subplot), row width, percent canopy cover (measured by placing a spherical densitometer on the ground in the center of the subplot and counting unobscured squares), weed density (number of non-crop plants), waste seed abundance (seeds were vacuumed from the entire subplot using a portable vacuum), maximum plant height and identification to family of all non-crop plant species present in the subplots. Waste seed abundance was determined by washing all materials through a large (4.5 mm) and small (0.3 mm) sieve, drying seeds and detritus, and manually removing, counting and weighing seeds (natural and from the crop). Data from two subplots was averaged to generate one set of vegetation metrics per survey ha before analysis. Sites were surveyed in the same order within each round of surveys as the large size of the study area made randomizing site visitation order logistically impractical.
In late summer 2004 and 2005, we visually surveyed and delineated all major land-uses within 2.4 km of each WCSP (Cummings et al., 1987; Cunningham and Johnson, 2006) . We obtained aerial photography from the USDA-NRCS Geospatial Data Gateway (USDA, 2005) and manually overlaid land use data within 2.4 km of each WCSP in ArcMap (ESRI, 2004) .
Statistical analysis.-We counted blackbirds, but omitted them from analysis as they form large foraging flocks and were periodically abundant enough to overwhelm analysis compared to other species (Otis and Kilburn, 1988; Schaff, 2003) . Hagy et al. (2008) reported on blackbird use of WCSP and surrounding agricultural habitats. Other studies have similarly omitted them from analysis due to their ubiquitous habitat use (Ribic et al., 2009a) and behavior (Lokemoen and Beiser, 1997) .
We used program DISTANCE (ver. 5.0; Thomas et al., 2005) to estimate bird densities using crop-and species-specific detection functions adjusting observations for detectabilities. We pooled observations among survey rounds, but not years or field types to estimate detection functions. We used the multi-covariate distance sampling engine in Program DISTANCE and detection functions for half-normal and hazard-rate key functions with cosine, simple polynomial and hermite polynomial series expansions with stratification at the site level (Marques et al., 2007) . Different combinations of the above key functions and series expansions allow variable fitting of the distance estimation curve, thus improving accuracy of density estimates for each data set of bird observations due to different detectabilities. We constructed all models with and without the covariates of plant height and vertical cover, which were not strongly correlated. We selected the best models based on Chi-square model fit statistics, Akaike's information criterion (Akaike, 1974) , shape and structure of the detection probability and probability plots, and biological plausibility of the density estimates (Buckland et al., 2001; Burnham and Anderson, 2002) . We were not able to reliably estimate species-specific densities for each site due to few or variable detections. We grouped data into even intervals and left-truncated at 3 m for improved model fit after examining distance histograms to detect any rounding of distances by observers (Buckland et al., 2001) .
We generated density estimates of all species combined (''all birds'') using global and crop-specific detection functions and post stratification for all birds present in WCSP, commercial sunflower, and non-sunflower row-crop fields (Alldredge et al., 2007) . Additionally, we estimated densities of species with at least 85 detections using speciesspecific detection functions. We used a global detection function (generated by pooling observations among all species) to generate species-specific density estimates for species with fewer than 85 detections (Buckland et al., 2001, p. 240) .
We used an information theoretic approach to model all bird density as a function of habitat variables and constructed models using 22 habitat variables which included a prioriselected within-field vegetation metrics and surrounding land-use variables using linear mixed models (Proc MIXED in SAS, SAS Institute Inc., 2005) . Models consisted of 2-5 independent variables based on our sample size (n 5 35) compared to the dependent variable, all bird density.
We examined bird densities and all independent variables (Table 1) for correlations and deviation from normality using Microsoft Excel Pop Tools and JMP (SAS Institute Inc., 2005) . Non-normal data were transformed using either ln(x + 1) or sqrt(x) transformations as appropriate to achieve a normal distribution and homogeneity of variance (Zar, 1999) . We designated year as a random effect and survey round as the repeated measure. We used model selection based on Akaike's second order Information Criterion (AIC c ) to evaluate all models (Akaike, 1974; Burnham and Anderson, 2002) .
We formed 2 sets of models for WCSP, an a priori and post hoc model set. We constructed a priori models based on previously published bird-habitat relationships and knowledge of bird ecology in agricultural habitats before completing data collection and analysis (Best et al., 1990 (Best et al., , 1998 (Best et al., , 2001 Crozier and Niemi, 2003) . Post hoc models were formed because little published information exists on fall bird use of agricultural crop fields and we desired to use our experience gained while working in the study system to elucidate possible relationships between birds and landscape factors. Furthermore, in exploratory studies where little published information exists describing the study systems, it may be unreasonable to assume that researchers can formulate all possible and biologically plausible models before data collection (Hagy et al., 2008; Uyehara et al., 2008) . Therefore, we formed post hoc models using SAS Proc MIXED to regress each independent variable (Table 1) singularly with each response variable and the random effect of year (null model), and ranked them from lowest AICc value (the best performing independent variables) to highest (the worst performing independent variable; Cunningham and Johnson, 2006; Hagy et al., 2008; Uyehara et al., 2008) . We used these AIC c scores and a posteriori knowledge of the ecological system to construct only biologically plausible post hoc models (Anderson et al., 2000; Johnson and Omland, 2004) . The formation of only biologically plausible models has been recommended over running all possible models to avoid spurious findings (Johnson and Omland, 2004) . We labeled all models by the variables they contained (intrinsic WCSP metrics, extrinsic WCSP metrics and mixed metrics) to evaluate the relative influence of intrinsic (habitat metrics measured from within each field such as crop density) versus extrinsic [habitat characteristics measured outside of each field such as nearby (#2.4 km) wetland ha] characteristics on bird density (Moore and Simons, 1992; Cunningham and Johnson, 2006) . All final models were evaluated using SAS (Proc MIXED) and maximum likelihood estimation as we varied the fixed effects throughout the final models in each set (Littell et al., 1996; Riffell et al., 2006) .
We assessed relative variable importance using only models in the 90% confidence set whose weights collectively summed to $0.90, since several models were supported (Burnham and Anderson, 2002; Riffell et al., 2006) . We ranked all competing models by DAIC c , calculated model weights and model averaged parameter estimates, and estimated relative variable importance with variances from the 90% confidence set (Burnham and Anderson, 2002) . Interpretation of independent variable importance was based on model averaged parameter estimates and the frequency of inclusion within the 90% confidence set. Using bird densities generated by stratification by site in DISTANCE, we compared all bird densities across all field types using repeated measures analysis of variance (ANOVA). We assigned field type as the treatment effect, survey round as the repeated measure, and year as a random effect in Proc MIXED (SAS Institute Inc., 2005 Whittaker (1972) .
RESULTS
Bird abundance.-We observed 34 bird species in WCSP (mean 5 4.2 species/ha), 37 in commercial sunflower (mean 5 1.1 species/ha) and 24 in commercial non-sunflower rowcrops (mean 5 0.8 species/ha; Table 1 ). Birds occurred at greater densities (P , 0.01) but similar diversities in WCSP (mean 5 24.4 birds/ha, SE 5 2.7; Div 5 0.88), followed by commercial sunflower (mean 5 12.7 birds/ha, SE 5 1.7; Div 5 0.88) and non-sunflower rowcrops (mean 5 7.2 birds/ha, SE 5 1.1; Div 5 0.80; Fig. 1) . We recorded sufficient detections of individuals (n $ 85) to generate species-specific detection probabilities and densities for four species in WCSP, five species in commercial sunflower and two species in other nonsunflower row-crops (Table 2) .
Influence of habitat variables.-The mean abundance of non-crop plants was similar (P 5 0.71) among WCSP (mean 5 53.9 forbs/m 2 , SE 5 11.9), commercial sunflower (mean 5 41.8 forbs/m 2 , SE 5 10.7) and other non-sunflower row-crops (mean 5 54.6 forbs/m 2 , SE 5 12.7). Most non-crop plants were in the Poaceae family in all three field types (61% in WCSP, 57% in commercial sunflower, and 87% in non-sunflower row-crop fields); however, Simpson's diversity index for non-crop plant abundance varied (P , 0.01) among WCSP (Div 5 0.96), commercial sunflower (Div 5 0.87) and non-sunflower row crops (Div 5 0.77). Total non-crop seed weight was similar (P 5 0.46) among WCSP (mean 5 3.2 kg/ha, SE 5 0.8), commercial sunflower (mean 5 3.6 kg/ha, SE 5 0.9) and other non-sunflower rowcrops (mean 5 2.1 kg/ha, SE 5 0.7). We did not compare other vegetation metrics (i.e., row width, vertical obstruction, canopy coverage, etc.) among the three crop types as they were dependent on the crop type itself and varied considerable, especially in non-sunflower rowcrop fields [canola (n 5 2), flax (n 5 1), lentils (n 5 2), soybeans (n 5 18) and wheat (n 5 12)]. We evaluated 37 models constructed both a priori (n 5 20) and post hoc (n 5 17) describing our dependent variable (all bird density) and a variety of explanatory variables in WCSP. The 90% confidence set of best models (summed model weight 5 0.93, DAIC c 5 0-5.7; Table 3 ) included 12 models. Seven of these 12 top models included only within-field (intrinsic) habitat metrics and all 12 contained at least one intrinsic metric (Moore and Simons, 1992 ). The top model (w i 5 0.26) for birds in WCSP was formulated post hoc and included the intrinsic variables crop plant density (+), abundance of Brassicaceae plants (+), and maximum plant height (+; Table 3 ). No models consisting of only extrinsic habitat metrics (landscape variables) or models formed a priori were included in the 90% confidence set.
Crop density (w i 5 1.00) and maximum crop plant height (w i 5 0.68) were positively associated with all bird density and present in 12 and seven top models, respectively. Noncrop plants in the families Chenopodiaceae [w i 5 0.37; fireweed (Kochia spp.) and goosefoot (Chenopodium spp.)] and Brassicaceae [w i 5 0.88; wild mustards (Sinapsis sp. and Brassica spp.)] were positively associated with all bird density in four and seven top models, respectively; however, Polygonaceae [w i 5 0.15; buckwheat (Polygonum spp.)] was negatively associated with all bird density in one top model (Table 4) . * Brassicaceae-abundance of plants from this family, Chenopodiaceae-abundance of plants from this family, Polygonaceae-abundance of plants from this family, crop density-mean crop plants/m 2 , crop height-mean maximum crop height, sunflowers-area of surrounding sunflower, grasslandsarea of surrounding grass, weeds-abundance of non-crop plants, wetlands-area of surrounding wetlands DISCUSSION All bird and most individual species densities were greatest in WCSP compared to other sunflower and non-sunflower crop fields. Bird densities in WCSP were more strongly associated with habitat variables within-WCSP than surrounding land use; however, forb and non-crop seed abundance was similar among all field-types. We noted that in most nonsunflower crop fields, non-crop plants were small and often immature, although we did not quantify physical characteristics of non-crop plants in fields. In comparison, non-crop plants were often large and mature, flowering or with seed, in sunflower fields. This is likely due to later harvest and reduced use of herbicides in sunflower fields compared to other crops, especially soybeans. Plants of the family Brassicaceae continue to bloom in late summer and fall possible attracting insects and thus insectivores. Kochia spp. and other Chenopodiaceae plants prolifically produce seeds that are eaten by granivorous birds. Furthermore, the smaller size of WCSP, resulting in greater edge to interior ratio compared to other fields, may have also contributed to higher bird densities (Yahner, 1988) .
Previous studies have shown that at least 94 bird species use sunflower and other crop fields during the fall and spring in the NGP (Schaaf, 2003; Galle, 2005; Hagy et al., 2007) . Hagy et al. (2007) reported the occurrence of 12 species of conservation concern in the PPR using sunflower during migration (USDI, 2002; Rich et al., 2004; Butcher et al., 2007) . We observed one species of conservation concern (USDI, 2002; Rich et al., 2004; Butcher et al., 2007) in WCSP (bobolink, Dolichonyx oryzivorus, n 5 16), two in commercial sunflower (bobolink, n 5 31; northern harrier, Circus cyaneus, n 5 1) and two in non-sunflower crop fields (Franklin's gull, Larus pipixcan, n 5 1; lark sparrow, Chondestes grammacus, n 5 10) during point counts. Compared to other row crops, sunflower was more commonly used by migratory birds in the fall and spring in the NGP (Galle, 2005; Hagy et al., 2007) .
Surprisingly few studies have examined bird use of active agricultural fields, given widespread cultivation of lands in North America. Best et al. (2001) examined the influence of landscape composition on bird use in row-crop fields, but did not compare that with intrinsic characteristics of the crop fields themselves. Lokemoen and Beiser (1997) found that bird density was greatest in the fall in conventional cropland fields compared to minimum tillage and organic-management crop fields. We have noted recent works that excluded agriculture lands from habitat analyses (Ribic et al., 2009a) even though agriculture dominated the study area and birds used those habitats (Best et al., 2001; Hagy et al., 2007) , and others that refer to agricultural lands as ''hostile'' (Ribic et al., 2009b) . While agricultural lands may exhibit considerable temporal structural variability compared to grassland habitats, we note the variety of species that use them during fall in North Dakota. Furthermore, we observed greater bird densities in sunflower and especially in WCSP than previously reported during fall in fallow, sunflower and wheat fields (Lokemoen and Beiser, 1997) ; in cornfields during the breeding season (Best et al., 1990) ; in Great Plains forest fragments in spring (Martin, 1980) ; and in Conservation Reserve Program grasslands and row-crop fields in winter (Best et al., 1998) . Birds were more closely associated with vegetation characteristics within WCSP than landuse outside of the lure plots. Seven of the 12 top models contained only within-field habitat metrics and the top four model averaged scores were from within-field metrics. Contrary to results describing response of blackbirds to surrounding landscape variables reported by Hagy et al. (2008) and Cummings et al. (1987) , non-blackbird avian species may select crop fields using proximate cues within-fields rather than landscape composition at the 2.4 km scale in our study area. In east-central North Dakota, abundant wetlands, grasslands and agricultural fields may facilitate a selection response to the region (in this case, our ,60,000 km 2 study area) rather than small subunits of the landscape, such as our 2.4 km site area. It is possible that birds in this study selected the landscape at a scale larger than 2.4 km, but due to logistical and temporal restraints we were not able to test this hypothesis.
We determined that tall ($1.3 m), densely planted within rows ($5 crop plants / linear m), WCSP with some non-crop plants (forbs within Brassicaceae and Chenopodiaceae families) resulted in the greatest bird densities in WCSP. Although landscape variables received less model weight, ha of surrounding grasslands were positively associated while ha of sunflowers and wetlands were negatively associated with all bird density in WCSP. Commercial sunflower and wetlands with emergent vegetation likely provide alternative habitat for migrating birds, which may explain a negative correlation with bird densities in WCSP. Additionally, blackbirds greatly reduced sunflower seed abundance in some WCSP near wetlands, which may have reduced food resources for other granivorous birds (Hagy et al., 2008) . We recommend planting WCSP with dense plant spacing within rows, and using management practices that allow non-crop plants to persist. Wide row spacing and initial site preparation with little subsequent between-row tillage will likely result in tall, vegetatively diverse WCSP attractive to a variety of bird species. Furthermore, planting WCSP near cattail-dominated wetlands and shelterbelts that blackbirds use as roosting and loafing sites may increase effectiveness as a pestmanagement system (Hagy et al., 2008) .
Our results are consistent with the findings of Cunningham and Johnson (2006) that landscape variables alone were not as closely associated with bird distributions as either models consisting of only within-field (intrinsic proximate cues) or within-field and landscape-level variables. These authors also reported closer bird-landscape associations at large scales (800-1600 m) for most grassland species they encountered; however, at the 2.4 km scale, we did not detect similar associations. Similarly, Ribic et al. (2009a) found that grassland birds were more strongly associated with habitat type than surrounding landscape metrics. We suggest further research be conducted at large (.2.4 km) or multiple spatial and temporal scales in agricultural fields during non-breeding periods to examine both intrinsic and extrinsic habitat variables in comparison to bird densities. Hagy et al. (2008) reported the cost of planting 41 WCSP in 2004 and 2005 for blackbird damage prevention to exceed direct savings from damage amelioration by a factor of 2.3:1. However, individual producers were not subject to a deficit because of the cost-share program. Furthermore, benefits of migratory bird and wildlife habitat could further offset costs substantially to sunflower producers. Cost-share planting, land-lease for hunting, and difficult to quantify factors such as migratory bird habitat likely increase the value of WCSP to producers.
It is difficult to quantify non-market values of wildlife habitat, especially for non-game animals (Boyer and Polasky, 2004) . However, we approximated the value of wildlife habitat of WCSP using economic incentives offered by the Private Land Initiative Food Plot Program for sportsman implemented by the North Dakota Game and Fish Department. The food plot program awards as much as $US46/ha to private landowners for planting rowcrop food plots for wildlife and allowing walk-in access. Combining these economic incentives, as a surrogate valuation of wildlife food plots, with blackbird damage reduction would result in a 1.8:1 cost (subsidization $US375/ha) to benefits (average value of damage reduction provided by plots + value of food plots for wildlife) ratio on average. To implement the program at a 1:1 cost-benefit ratio and make subsidization economically sustainable for Wildlife Services, other ecological services and non-market value of WCSP would need to total $US195/ha.
Wildlife Services subsidized sunflower producers $US375/ha to plant WCSP in [2004] [2005] . A highly competitive applicant pool of sunflower producers indicated that participation in the program was economically beneficial for producers at that rate. If producers were willing to participate in the program for reduced compensation, then it is likely that the benefits might further outweigh the costs associated with the WCSP program. Additionally, these cost-benefit analyses was applied using all of the plots in our study area and mean blackbird damage estimates from Hagy et al. (2008) . Some individual WCSP were economically viable considering damage amelioration alone because they were depredated upwards of 80% by blackbirds, yet still provided fall-winter habitat and foods for wildlife. Using placement and management recommendations from this study and Hagy et al. (2008) , WCSP can be maximized to provide an economically viable wildlife habitat/nonlethal blackbird damage control system. We suggest further implementation of the WCSP program using our management recommendations and further evaluation including economic quantification of benefits provided by WCSP. WCSP can accommodate a wide variety of migratory birds while providing a row crop/ blackbird damage control system for farmers in the northern Great Plains. Integrative pest management/wildlife management systems may become increasingly important in the NGP as sunflower acreages have declined by almost 50% while corn (+250%) and soybeans (+100%), both with glyphosate tolerant varieties, have become increasingly common in North Dakota since 1998 (USDA, 2008) . Conversion of sunflower and grassland habitats in the NGP to other habitats could negatively affect migratory birds given their abundance in these habitats compared to other croplands (Otis and Kilburn, 1988) . Furthermore, decreasing sunflower could concentrate blackbirds and require more intensive and lethal pest management techniques, which may negatively affect other wildlife. If economically viable, continued sunflower production and WCSP implementation may benefit migratory birds by providing better habitat than other row-crops in the NGP.
